have assumed an increasingly important role in prescreening these populations at risk of developing PFPS. There is a need for clinicians to be able to identify physically active people at high risk for developing PFPS. The purpose of this study is to review the prospective cohort studies available and, when possible, to perform meta-analysis on prospective predictors of PFPS.
Methods

Data Sources
MEDLINE (1960-June 2010), EMBASE (1980 ( -June 2010 , and CINAHL (1982-June 2010) were searched for prospective cohort studies of predictors of PFPS. Combinations of the terms patella, patellofemoral, anterior knee, and risk or predictor were used. A hand search of references in review articles was also performed to identify additional prospective cohort studies.
Study Selection
Studies were included if patients were asymptomatic at baseline testing (free of PFPS) and were prospectively followed for the development of the disorder. No limits were placed for age, sex, or physical activity level. Two investigators independently screened titles and abstracts, and full texts were obtained if 1 investigator believed that the study could not be excluded by the title and abstract. Only studies that assessed at least 1 variable that can be measured at a typical clinic were included. This definition excluded studies that used isokinetic devices, pressure mapping devices, and motion analysis equipment, which are not routinely accessible to clinicians. However, we included knee valgus angle and moment and knee flexion angle, although measured in biomechanical labs, because recent research has provided user-friendly clinical nomograms that accurately predict these variables with equipment available in the clinic. 17 The PRISMA (Preferred Reporting Items for Systematic Reviews and Metaanalyses) flow diagram for the selection of trials for this review demonstrates the selection process ( Figure 1 ). 15 
Methodological Assessment
The Pengel scale was used to assess the methodological quality of the selected articles. 20 Unlike other available methodological quality scales, the Pengel scale is specific for prospective studies. Six criteria were used to assess methodological quality with the Pengel scale: description of exclusion/inclusion criteria, representativeness of the sample, completeness of follow-up, outcome data, blinding of assessors, and statistical adjustment (Table 1) . A score of 0 to 6 was assigned for each study, depending on the number of criteria met.
Data Extraction
Data were extracted for age, weight, height, sample size, type of patient (military vs civilian), follow-up periods, diagnostic methods, and diagnostic criteria. Additionally, means and standard deviations were extracted for all outcome variables that met the definition of clinical measures. The 2 investigators independently extracted these characteristics, and in cases of disagreement, a discussion ensued until consensus was reached.
Data Analysis
RevMan Software 5.0 (Nordic Cochrane Centre, Cochrane Collaboration, Copenhagen, Denmark) was used for the metaanalysis by entering sample sizes for each group (PFPS and control), means, and standard deviations. When appropriate, analysis was performed across all included studies, as well as subgroup analysis between civilians and military recruits. The mean difference for continuous outcomes (or standardized mean difference, when the units of measurement varied across studies) and 95% confidence intervals with fixed effect were calculated with the inverse variance method and presented in forest plots.
Results
The database search yielded 1688 references from the 3 databases. After duplicate references were removed, 973 unique references remained, 12 of which could not be excluded from the abstract or title. Additionally, 7 potentially relevant articles were identified by the hand search. One additional article 16 that was in press at the time of the database search was identified after discussions with experts in the field. Therefore, a total of 20 full-text articles were reviewed for inclusion in this review ( Figure 1 ).
Of the 20 studies, 13 were excluded for the following reasons: 2 were not prospective, 5,6 2 included patients who had PFPS at baseline, 8, 31 7 did not provide specific data for the group that developed PFPS, [11] [12] [13] 22 ,27-29 1 reported variables that could not be measured at a typical clinic, 18 and 1 was a journal Full-text arƟcles excluded, (n = 13) n=2 not prospecƟve n=2 PFPS at baseline n=7 not specific data for PFPS group n=1 hi-tech variables n=1 journal club report Studies included in qualitaƟve synthesis (n = 7)
Studies included in quanƟtaƟve synthesis (meta-analysis) (n = 7) club report. 9 The remaining 7 articles met the inclusion criteria for this systematic review.
The methodological quality on the Pengel scale was 2.6 of 5 (range, 2-3). None of the studies met the requirement for representative sample and blinded outcome (Table 1) . A total of 2401 participants were enrolled in the 7 studies, of whom 234 (9.75%) developed PFPS (see supplemental appendix, available at http://sph.sagepub.com/content/suppl).
A variety of outcome measures in the 7 studies were categorized in anthropometrics (height, weight, body mass index, etc), physical fitness (balance, jump height, number of sit-ups, etc), muscle strength, joint laxity, muscle flexibility, lower leg alignment (leg length discrepancy, foot posture, genu varum/valgum, Q angle, etc), biomechanics (knee valgus angle, etc), and psychological parameters (introversion/ extroversion, neuroticism, etc).
Anthropometrics
Six studies 14, 16, 23, 24, 26, 30 reported data on height and weight: 905 in the control group and 177 in the PFPS group. Neither variable was found to be predictive of PFPS (P ≥ 0.57). Heterogeneity analysis did not yield significance (P ≥ 0.40), suggesting that interpretation of the pooled data is appropriate. Subgroup analysis for studies that used the military versus civilian patients did not change the results. Two studies used measures of leanness, such as body mass index 23 and ponderal index 30 : 41 patients in the PFPS group and 343 in the control group. Pooled analysis demonstrated that leanness was not a predictor of PFPS (P = 0.34), while there was no significant heterogeneity (P = 0.64). Witvrouw additionally reported on body fat percentage using the caliper method and the body composition method (endomorphism, ectomorphism, mesomorphism). Neither variable was associated with the development of PFPS. 30 Milgrom and Witvrouw both reported no associations between leg length discrepancy and PFPS, 14, 30 while Milgrom reported no association between thigh circumference, calf circumference, tibial length, foot width, or foot length and the development of PFPS. 14 
Physical Fitness
Two studies 14, 30 reported on the number of sit-ups: 84 patients in the PFPS and 588 in the control group. Number of sit-ups did not predict PFPS (P = 0.60; heterogeneity, P = 0.50) (Figure 2 ). Milgrom measured the number of sit-ups in 1 minute, 14 while Witvrouw measured the total number of sit-ups. 30 Witvrouw reported on a large number of fitness variables, such as balance, vertical and broad jump, bent arm hang, shuttle run, plate tapping, arm pull, leg lifts, sit and reach, and maximal oxygen uptake. The only association was between lower performance on vertical jump and the development of PFPS. 30 Milgrom reported that the 2-km run time was not associated with PFPS but that the number of push-ups was a predisposing factor to PFPS. 14 
Muscle Strength
Boling and Milgrom compared knee extension isometric strength: 100 patients in the PFPS group and 1609 in the control group. 1, 14 Boling identified lower knee extension isometric strength as a predictor for PFPS, 1 while Milgrom found the opposite effect. 14 Boling normalized values to body weight for knee extension, knee flexion and hip extension, internal rotation, external rotation, and abduction. Milgrom reported no association between knee extension strength when normalized to body weight and the development of PFPS; when measurements were not normalized to body weight, greater strength predisposed patients to PFPS. 14 The pooled analysis based on data from these 2 studies found that lower knee extension strength is a predictor of PFPS (P < 0.01; heterogeneity, P = 0.32) (Figure 3) . Also, Boling reported that decreased muscle strength for knee flexion and hip abduction were also associated with PFPS. 1 
Joint Laxity
Witvrouw performed a variety of joint laxity tests, such as the range of motion for little finger extension, elbow extension, knee extension, and thumb to forearm. 30 Witvrouw additionally reported on medial, lateral, and total patellar mobility and shoulder mobility. Greater flexibility of thumb to forearm was associated with the development of PFPS, but none of the other variables demonstrated an association. Milgrom reported that range of motion for hip external rotation was not associated with PFPS. 14 
Muscle Flexibility
Witvrouw concluded that decreased quadriceps and gastrocnemius flexibility was significantly associated with PFPS, while hamstrings flexibility was not.
30
Lower Leg Alignment Q angle was not a predictor of PFPS based on the pooled analysis (P = 0.91; heterogeneity, P = 0.22) 1,30 ( Figure 4 ). Different methodology used for tibiofemoral alignment (genu varum/valgum) precludes data pooling. 14, 16, 30 A strong association between genu varum and PFPS in male military recruits was found when reported as a continuous variable (medial tibial intercondylar distance) or a categorical variable (negative, small, and large).
14 Means and standard deviations of the categorical variable were not reported, thereby precluding pooled analysis with the Witvrouw study, which found no association between tibiofemoral alignment and PFPS when treated as categorical variable. 30 Static knee valgus was not associated with PFPS. 16 Three studies investigated foot position. Thijs used the foot posture index (neutral, pronated, and supinated) and found no association with PFPS. 23 Patients with higher navicular drop values were more likely to develop PFPS. 1 Podograph and goniometer were used for foot arch evaluation of rearfoot and forefoot alignment. No difference was found between PFPS and non-PFPS patients. 30 
Biomechanical Variables
Two studies measured peak knee valgus angle during drop landing tasks. 1, 16 Pooled analysis showed that the combined effect was not predictive of PFPS (P = 0.40) without significant heterogeneity (P = 0.59). One study found a trend for decreased peak knee flexion during landing as a predictor of PFPS (P = 0.06). 1 Knee valgus moment at initial contact was predictive of PFPS. 16 
Psychological Parameters
Out of 11 psychological variables, seeking less social support and difficulty relaxing when confronted with a problem (palliative reaction) were predictors of PFPS in a single study. 30 
discussion
The main finding of this meta-analysis is that, despite the high incidence of PFPS among physically active populations and the abundance of factors that may predispose to this disorder, there are few prospective cohort studies, especially among civilian populations. Pooling data for meta-analysis purposes was not possible for most variables.
Limited quadriceps and gastrocnemius flexibility, knee extension weakness, and excessive knee valgus during landing may predict PFPS development. These variables appear to be more suggestive than anthropometric variables (height, weight), measures of leanness, or lower extremity static alignment (Q angle) in identifying those at higher risk for PFPS. Knee valgus moment at initial contact during landing from a jump may be a predictor of PFPS in female athletes. 16 In contrast, peak knee valgus angle does not appear to be related to the development of PFPS ( Figure 5) . A possible explanation for this finding may be that peak knee valgus angle occurs at the end of the landing cycle, 19 when most of the ground reaction force has been absorbed.
There is a distinct difference between predictors and pathogenetic factors. Predictors increase the likelihood of developing PFPS. Pathogenetic factors, however, are directly implicated in the development and cause of the disorder. Historically, a number of factors that lead to lateral patella tracking (Q angle, subtalar hyperpronation, shortened iliotibial band and lateral retinaculum, decreased strength or timing of the medial quadriceps and the gluteus medius) have been implicated in the pathogenesis of PFPS. 21 However, the purpose of the current study was to identify factors that increase the likelihood of PFPS (predictors) and not those that directly contribute to the pathogenesis of the disorder.
In contrast to the 2 studies 1,14 that found conflicting knee extension strength results, this meta-analysis identified knee extension weakness as a predictor of PFPS (Figure 3) . Similarly, those with limited flexibility of the gastrocnemius and quadriceps were more likely to develop PFPS. 30 A direct link between decreased quadriceps flexibility and PFPS can be argued, as a shortened quadriceps may result in increased contact forces between the retropatellar cartilage and the trochlear groove.
Most measures of physical fitness, psychological parameters, and generalized laxity were not predictive of PFPS. Interestingly, lower performance on vertical jump, 30 higher performance on number of push-ups, 14 and thumb-toforearm laxity 30 were predisposing factors to PFPS. However, this may represent a finding related more to chance and the high number of statistical comparisons with no appropriate adjustment rather than a true association between these measures and PFPS.
In conclusion, this meta-analysis found few published prospective cohort studies on PFPS, especially among nonmilitary populations. Anthropometric variables do not predict PFPS. In this small sample of studies, limited quadriceps and gastrocnemius flexibility, knee extension weakness, and faulty landing mechanics predict development of PFPS. PFPS is a multifactorial disorder. Clinicians screening populations at high risk for PFPS should evaluate strength, flexibility, and dynamic alignment.
